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X 0 ∈ S
X i+1 = θ
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0 < θ < 1
¯Eo`|s[rq`_jkj`_y
u ∈ A m,`_n¡ot¬|siikn¡tu]`lPjp¨|tun¡{`_~psn¡µj
`u ∈ S
Åb Ïjk[]`·~L|3ykjknq_worD|3y|si`¢p3£!1`3y`_g#Æi-y`_~oy`li`_µj|3jknqpsK A = {A,C,G, T} nqijk[]`9i`_j´p3£Kµw]_rq`lpsjknqo`li
S = [0, 1]2
nqi1jk[]`woon¡j.ivhwL|3y`uÅ8¶|s[Prq`_jkj`_y´nqi¶~orD|sl`lP|3j|{`_ykj`E®
|si£«psr¡rqpºi:9
`A = (0, 0), `C = (0, 1), `G = (1, 1), `T = (1, 0),
θ = 12
|3]Pjk[]` !]yikj~,psn¡hj X 0 nqi.jk[]`l`_hj`_yp3£jk[]`ivµwL|3y`uÅZ.[]`_KYn¡j`_y|3jkn¡{`_r¡gLjk[]`X~,psn¡hj
X i+1
nqijk[]`^¨nqoYrq`·p3£+jk[]`·i`_tu^F`_hjm`_j1`l`_ X i |3]Àjk[]`·ivµwL|3y` #Æi{`_ykj`E® `Ui+1
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X i+1 =
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T 1 ⊂ T 2 . . . ⊂ T n ⊂ . . .
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W (n) = Un . . . U1
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AAA   
CAA   GAA   
TAA   
ACA   
CCA   GCA   
TCA   AGA   
CGA   GGA   
TGA   
ATA   
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ACC   
CCC   GCC   
TCC   AGC   
CGC   GGC   
TGC   
ATC   
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CCT   GCT   
TCT   AGT   
CGT   GGT   
TGT   
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p(s(j)) ; < == P(U1 = sj, . . . , Uj = s1)
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j ≥ 0 










k ≥ 0  Tk(s) o`_]psj`li¶jk[]`9ikn¡©`p3£Kjk[]` !]yikj1jky`l`[]`_y`
s(k)
nqin¡]i`_ykj`l 9
Tk(s) ; < == min{j : Xj(s) = k}
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{Xj(s) ≥ k} = {Tk(s) ≤ j}
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Zr(s) = min{j ≥ 1
∣










. . . Uj+Tr−1(s)Uj−1+Tr−1(s) . . . U1+Tr−1(s),
jk[L|3jnqijp¨i|lg
Yr(s) = min{j ≥ r
∣































Φ(s(r), t) ; < == E[tYr(s)] nqi´tun¡{`_Àmµg}psmon¡|3]P¤X|3w]Yn¡ 'Úu)9
Φ(s(r), t) =
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|3] Ln |3y`-£«wo]_jknqps]ip3£ Xn 9
`n = 1 + min
s∈A∞
Xn−1(s),
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ṽ ; < == vv . . . lps]iknqikjp3£¶y`_~`_jkn¡jknqps]ip3£´|Frq`_jkj`_y v ÅZ.[]`_ Xn(ṽ) nqi9jk[]`rq`_otujk[p3£jk[]`·moy|3][ |siip4_nD|3j`ln¡jk[
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p ; < == P(Ui = v)
Å¶Z.[onqilpsµ{`_ykt`_]l`¢y`likwor¡jnqi|»~L|3ykjknq_worD|3y-|si`·p3£ 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P(Tk(s) = j) ≤ p
(
s(k)
) Å  `_j

























k ≥ 1 
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k ≥ 1 























≤ (1 + ε)h(s),
[onq[Ïlps]_r¡w]o`li-jk[]`X~oyphp3£p3£rq`_^¨^¬| YÅÚYÅ
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b jnqin¡]i~on¡y`lÀ£«yps^ xn¡jkj`_r 'Ú 5)Å.°1rq`|3ykr¡gPjk[]`Vo`"!]on¡jknqpsÏtun¡{`_Çn¡
8¶vµwL|3jknqps½ª³u¯.ghnq`_rqoi
`n ≤ 1 + Xn−1(s+)
























P(`n ≤ r) ≤
∑
s(r)∈Ar










~oy`"!o®?-n¡ mpsjk[ phl_woy`_]l`liE¯EÅÂÃ` |3mow]i`p3£¢jk[onqiP]psj|3jknqps £«yps^ ]p¿psKÅehn¡]l`£¼psy
t ∈ [1, 1 + κp(s(r))] Yjk[]`9t`_]`_y|3jkn¡ot¨£«wo]_jknqps]i Φ(sj, t) |3y`o`"!]]`l£¼psy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t = 1 + c2κα
r L[]`_y` κ nqi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1 − καr−j α
j − (1 + c2καr)−j










αj − (1 + c2καr)−j








1 − γ(1 + c2καr)


































= R < ∞.
°´ps]i`lvµw]`_hjkr¡g
P(Tr(s) ≥ n) ≤ LR(1 + c2καr)−n.
.Lpsy






P(Tr(s) > n) ≤ R′ exp(−c2κnθ),
[]`_y`
θ = ε − ε2 + ε3 > 0 ÅÂÃ`Xjk[]`_Ïo`lYw]l`X£«yps^ ª ¯´jk[L|3j
P(`n ≤ r) ≤ 4rR′ exp(−c2κnθ),
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0 < t < 1
¯Ehrq`_j
t ; < == (1+ c/n)−1 m`[]pui`_K[]`_y`
c
nqi|3hgÀlps]ikj|3µj9ikw][jk[L|3jo£«psy|3r¡r

























γj(t) + (1 − t)δj(t−1)
) ,
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t = (1 + 1/n)−1

γj(t) ≤ 1 + θ(1 − t).
ehn¡]l`9jk[]`£Swo]_jknqps
x 7→ (A + x)/(B + x) n¡]_y`|si`li´[]`_ B ≥ A o|3]ikn¡]l`9n¡]`lvhwL|3r¡n¡jgª 5¯.[]psrqoiYjk[]`t`_]`_y|3jkn¡otF£«wo]_jknqpsÏi|3jknqi4!L`li





























0 ≤ qk(s) ≤
β


















(1 − t)−1 + θ
)





x 7→ ln 1/(1 − x) nqiXn¡]_y`|sin¡ot] |N£«j`_y|Plps^¨~L|3yknqipsÃm,`_j 1`l`_7iwo^|3]n¡µj`_tuy|3r|3]|N£«j`_yjk[]`[L|3ot`Vp3£+{s|3yknD|3morq`
y = βx
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dy Li2(− vy ) =
1



















































































≤ ln ak ln zk −
1
2





(1 − t)−1 + θ
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p(v) ; < == p mhgw]i`p3£jk[]`·iB|3^F`X^F`_jk[]ph?]ps]`V|3Ï`likj|3mor¡nqik[Àjk[]`X£¼psr¡rqpn¡otn¡]`lvµwL|3r¡n¡jknq`li 9



















t1 ; < == 1+pk
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U1 . . . Un
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limn→∞ P(An) = 0
[]`_y`
An ; < ==
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r ≤ r2 ; < == b(1 − ε) ln nh c
ªSy`lik~KÅ
£¼psy
r > r1 ; < == b(1 + ε) ln nh c
¯|3]|3yktuwon¡ot`E®]|s_jkr¡gP|sin¡e4`l_jknqps Y]ps]`Xt`_ji
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Φ(s(r), t)
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K ; < == sups1,sr,m |K(s1, sr,m))|iw][jk[L|3j





























1 − γt .
¦9ii`_ykjknqpsÀn¡nT¯.[]psrqoin¡jk[
κ′ ; < == γK/minu p(u)
Å
	      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M ; < == γK/(1 − γ)minu p(u)
Å
	      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